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Abstract
Background: The male excess risk of premature ischemic heart disease (IHD) mortality may be
partially due to an unknown macro-environmental influence associated with economic
development. We examined whether excess male risk of IHD mortality was higher with birth in an
economically developed environment.
Methods: We used multivariable logistic regression in a population-based case-control study of all
adult deaths in Hong Kong Chinese in 1998 to compare sex differences in IHD mortality (1,189
deaths in men, 1,035 deaths in women and 20,842 controls) between Hong Kong residents born
in economically developed Hong Kong or in contemporaneously undeveloped Guangdong province
in China.
Results: Younger (35–64 years) native-born Hong Kong men had a higher risk of IHD death than
such women (odds ratio 2.91, 95% confidence interval 1.66 to 5.13), adjusted for age, socio-
economic status and lifestyle. There was no such sex difference in Hong Kong residents who had
migrated from Guangdong. There were no sex differences in pneumonia deaths by birth place.
Conclusion: Most of these people migrated as young adults; we speculate that environmentally
mediated differences in pubertal maturation (when the male disadvantage in lipids and fat patterning
emerges) may contribute to excess male premature IHD mortality in developed environments.
Background
At older ages women are as vulnerable to heart disease as
men. However, men are more vulnerable to premature
mortality from ischemic heart disease (IHD) [1,2]. Estro-
gens undoubtedly play a part, but geographic differences
[2], the lack of inflection in coronary heart disease mortal-
ity at menopause [3], and the essentially null results of
hormone replacement therapy trials [4] suggest estrogens
may not be the only factor [2]. The excess IHD risk in men
is currently smallest in economically undeveloped loca-
tions, such as rural China [2], whilst it increased during
the first half of the 20th century in some industrialised
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countries [1,2]. These geo-temporal differences suggest
that some as yet unidentified environmental factors [1]
possibly associated with economic development may be
relevant. Migration from less developed to more econom-
ically developed countries provide a parallel with socio-
economic development. Migration studies, such as the
Honolulu Heart Study have been instrumental in under-
standing the trends in and environmental determinants of
IHD [5]. Migration to more economically developed
countries is usually associated with increased IHD risk,
although, migration studies have not provided consist-
ently converging scientific viewpoints [6]. The many dif-
ferent factors involved, i.e. ethnicity, country of origin and
destination, acculturation, age at migration and genera-
tions since migration may all contribute to these disparate
interpretations [7-11]. To our knowledge, no previous
study has examined sex differences in IHD mortality with
migration to a more economically developed location
within an ethnically homogenous population. We took
advantage of a natural experiment provided by migration
into Hong Kong and a large population-based case-con-
trol study to examine if male excess risk of IHD mortality
was associated with living in an economically developed
location.
Most Chinese people in Hong Kong are first or second
generation migrants from the neighbouring province of
Guangdong in southern China. The main waves of migra-
tion took place in the late 1940s and early 1950s [12].
Industrialization and economic growth started in the first
half of the 20th century in Hong Kong [13], by 1952 per
capita gross domestic product (GDP) was half that of
western Europe and by 1995 had overtaken western
Europe [14]. In contrast, China had a GDP per head sim-
ilar to pre-industrialized western Europe until the 1970s
[15]. Economic development in Guangdong province was
not a priority until the establishment of the Special Eco-
nomic Zones near Hong Kong in 1978, and despite sub-
stantial economic growth thereafter Guangdong GDP per
head in US dollars was less than a tenth of levels in Hong
Kong in 2001 [16]. The population of Hong Kong is eth-
nically (>95% Chinese), culturally and most likely genet-
ically homogeneous, with the main difference between
migrants and non-migrants being the duration and
number of generations of economic development experi-
enced, making Hong Kong unlike many other seminal
migration studies [17], whilst fortuitously uniquely suited
to examining the impact of economic development alone.
Hong Kong also has a low prevalence of IHD compared
with western countries or other developed Chinese com-
munities, such as Singapore [18], whose population has a
longer history of economic development. We hypothe-
sised that if male excess risk of premature IHD mortality
is driven by economic development and possibly also the
associated nutritional transformation, we should observe
a larger male excess risk of IHD mortality in people born
and brought up in Hong Kong than in people who
migrated to Hong Kong from China Guangdong province
mainly as young adults [19]. To allow for the possibility
of "salmon bias" [20] (i.e. unhealthy migrants returning
home to die), or "healthy migrant" bias (i.e. self-selection
of healthy people as migrants) disproportionately affect-
ing male 'breadwinners' we also examined sex differences
in risk of mortality from a cause where no differences
would be expected, i.e. pneumonia. We used pneumonia
in preference to all respiratory deaths to avoid changing
patterns of tuberculosis and chronic obstructive pulmo-
nary disease. In the present study we examined whether
the male excess risk of premature mortality from IHD, but
not pneumonia, was higher with birth in an economically
developed environment.
Method
Sources of data
The LIMOR (LIfestyle and MORtality) study is a popula-
tion-based case-control study of adult deaths among eth-
nic Chinese residents in Hong Kong during mid-
December 1997 to mid-January 1999. The study was orig-
inally designed to examine the effect of smoking on mor-
tality [21]. It captured 81% of all deaths registered in
Hong Kong during the study period, with the cause of
death routinely coded by the Governmental Department
of Health. Almost all deaths in Hong Kong are certified by
hospital doctors and validity and completeness of the
causes of death should be good; Hong Kong cause of
death coding has been used in other studies and found to
be of good quality [21]. Using a standardised question-
naire, information on current age, sex, place of birth and
educational attainment and health behaviours (smoking,
use of alcohol, dietary habits and leisure exercise),
employment and housing ten years previously of the
decedent and a similar living person aged 60 years or
older was collected from the person registering the death,
who was usually one of the more educated adult children
of the deceased's family, often living in close, multi-gener-
ational Chinese families. Unfortunately, the large-scale
population movements in the mid 20th century in this
region and the relatively recent economic development
preclude ideal data sources such as pre-existing long-term,
population-representative cohort studies. Nevertheless,
proxy informants can provide adequate information [22],
and we have used this study previously to examine the
impact on mortality of physical activity, second-hand
smoke exposure and diet [23-25].
Birthplace
Place of birth was recorded as Hong Kong, Guangdong
province of China, other parts of China, Macau and else-
where. To increase ethnic homogeneity and to reduce con-
founding by other unmeasured factors we only includedBMC Public Health 2008, 8:32 http://www.biomedcentral.com/1471-2458/8/32
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people born in Hong Kong or neighboring Guangdong
province (88.1% of all deaths).
Statistical analysis
The major outcomes were cause-specific mortality from
IHD (ICD-9: 410–414) and pneumonia (ICD-9: 485–6).
We exploited the comprehensive, population-based
nature of the decedents in this sample to examine whether
there was the same sex ratio in IHD and pneumonia
deaths for native born Hong Kong residents and Guang-
dong born Hong Kong residents, using other deaths as
controls. This design enables a direct comparison of men
and women, which is not appropriate using living con-
trols as there are more female than male living controls,
and relatively few young controls. In a case-control mor-
tality study the odds ratio obtained using other deaths as
controls produces an unbiased estimator of the mortality
rate ratio (or relative risk) if the exposure in question has
no effect on relative risk in the controls [26]. Our hypoth-
esis concerns the sex ratio in IHD mortality for people
with different experiences of economic development.
How the sex-ratio in mortality from other diseases
changes with economic development is unclear. We used
two sets of controls; first, all other deaths and second all
other deaths excluding hormone related cancers, i.e.
breast cancer (ICD-9: 174), prostate cancer (ICD-9: 185),
ovarian cancer (ICD-9: 183), and endometrial cancer
(ICD-9: 182), and also diabetes (ICD-9: 250), because
hormone related cancers might become more common in
women than men with economic development, whilst
diabetes appears to become less common [27]. We classed
death from IHD before 65 years as premature and so con-
sidered two age groups, 35–<65 years and 65 years or
above.
Unconditional logistic regression adjusted for potential
confounders (collected in the original survey) was used to
assess the association of sex with IHD mortality by place
of birth. Potential confounders considered were age (in 5
year age-groups), education (no formal, primary or sec-
ondary), housing type (hut/shared, public estate, self-
owned or other), smoking status (never, ex-smoker or cur-
rent smoker), alcohol use (ever or never), leisure exercise
(less than once a month or at least once a month) and fre-
quency of consumption of tea, dairy products, fish, meat,
vegetables, fruit and soy (less than 4 times a week or at
least 4 times a week). However, after preliminary analysis
dietary items were not included because they did not
change the effect sizes for IHD by more than 5%. Moreo-
ver, as some of the remaining confounders, such as smok-
ing, could potentially be on the casual pathway we
presented two models; model 1 adjusted only for age and
model 2 additionally adjusted for education, housing
type, smoking, leisure exercise and alcohol use. We
assessed whether the sex ratio differed with birthplace
from the heterogeneity of effect across strata and the
model fit, (i.e. whether a model with an interaction term
for birthplace with sex had a smaller Akaike Information
Criteria (AIC)). Complete data were available for 95% of
the relevant observations; missing data were excluded.
The project received ethics approval from the Ethics Com-
mittee of the Faculty of Medicine, The University of Hong
Kong.
Results
Consistent with all deaths in Hong Kong in 1998,[28] the
leading cause of death in the study was cancer (36%), fol-
lowed by diseases of the circulatory system (27%) and res-
piratory system (20%). Of the 27,444 deaths aged over 35
years in the original study, 3262 were excluded because of
birth outside Hong Kong or Guangdong province and
1116 had some missing data leaving 23,066 deaths. There
were 1,189 and 1,035 deaths from IHD in men and
women respectively and 1,322 and 1,387 from pneumo-
nia. There were 20,842 deaths from causes other than
IHD, 19,945 deaths from causes other than IHD, prostate
cancer, breast cancer, uterine cancer and diabetes and
20357 deaths from causes other than pneumonia. Table 1
shows the characteristics of the IHD and pneumonia cases
and their respective controls. Almost all the participants
(98.5%) had lived in Hong Kong for more than 20 years.
As is typical of the region, and specifically Hong Kong,
men were much better educated than women [29].
Figure 1 shows the unadjusted odds ratios of dying from
IHD or pneumonia in men compared with women strati-
fied by birth-place and 10 year age-group, i.e. the refer-
ence group is women. In the younger age-groups (35–44,
45–54 and 55–64 years) Hong Kong born men were
about twice as likely to die of IHD than Hong Kong born
women, however such differences were less clear for the
Guangdong born or for deaths from pneumonia. Simi-
larly Table 2 shows that younger (35 to 64 years) Hong
Kong born men were significantly more likely to die from
IHD than similar Hong Kong born women using either set
of controls, adjusted for age (model 1) and also addition-
ally adjusted for socio-economic status and lifestyle
(model 2). However, for Hong Kong residents born in
Guangdong men and women were equally likely to die
from IHD. Including a sex with birth-place interaction
term yielded a lower AIC in both models with either set of
controls. In the older people (65 years and older) the dif-
ference between the sexes in dying from IHD was much
less evident with all odds ratios fairly close to 1, although
the AIC was slightly lower in a model with a sex with
birth-place interaction term. In contrast, men were
slightly more likely than women to die from pneumonia
in both age-groups regardless of place of birth, which is
consistent with the shorter life expectancy in men more
generally.B
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Table 1: Characteristics of cases and controls for Chinese men and women from Hong Kong in 1998
35–64 65+
IHD Pneumonia IHD Pneumonia
Characteristic Cases Controls † Restricted controls ‡ Cases Controls § Cases Controls † Restricted controls ‡ Cases Controls §
Men N 224 3190 3146 127 3287 965 8382 8153 1195 8152
Age Mean 56.7 53.7 53.7 55.2 53.9 76.9 76.8 76.7 80.9 76.2
Education No formal (%) 10 12 12 17 11 28 33 33 36 32
Primary (%) 52 48 48 55 48 49 48 48 45 49
Secondary (%) 38 40 40 28 41 23 19 19 19 19
Housing type Hut/shared (%) 11 13 13 12 13 7 10 10 9 9
Public estate (%) 47 49 49 51 48 45 49 49 48 49
S e l f - o w n e d  ( % ) 3 83 3 3 3 2 73 34 23 5 3 5 3 43 6
Other (%) 4 5 5 10 5 5 7 7 9 6
Birthplace Hong Kong (%) 38 38 38 35 39 15 12 12 12 13
10 years previously
Exercise <1/month (%) 76 75 75 86 74 64 69 69 69 68
Smoking Never (%) 35 33 33 23 34 36 28 28 34 28
Ex-smoker (%) 7 6 6 8 6 20 21 21 24 21
Current smoker (%) 58 61 61 69 60 44 51 51 43 51
Alcohol use Never (%) 47 56 44 45 43 57 48 48 54 48
Women N 68 1553 1314 48 1573 967 7717 7332 1339 7345
Age Mean 57.5 53.0 53.3 54.1 53.1 81.0 80.9 81.1 85.6 80.0
Education No formal (%) 35 24 26 38 24 70 71 71 75 70
Primary (%) 40 45 45 42 45 22 23 23 18 24
Secondary (%) 25 31 29 21 31 8 6 6 7 6
Housing type Hut/shared (%) 7 8 8 13 8 9 9 9 10 8
Public estate (%) 49 50 51 54 50 46 45 46 43 46
S e l f - o w n e d  ( % ) 3 83 8 3 7 2 93 83 93 7 3 7 3 33 8
Other (%) 6 4 4 4 4 6 9 9 14 7
Birthplace Hong Kong (%) 29 45 44 38 45 13 13 14 13 13
10 years previously
Exercise <1/month (%) 74 69 69 77 69 63 66 66 71 64
Smoking Never (%) 88 90 89 85 90 79 76 76 80 76
Ex-smoker (%) 1 1 1 0 1 7 9 9 8 8
Current smoker (%) 10 9 10 14 9 14 15 15 12 15
Alcohol use Never (%) 87 89 89 85 89 89 87 87 87 87
IHD = ischaemic heart disease
† all deaths excluding IHD deaths
‡ all deaths excluding deaths from IHD and hormone related cancers, i.e. breast cancer (ICD-9: 174), prostate cancer (ICD-9: 185), ovarian cancer (ICD-9: 183), and endometrial cancer (ICD-9: 182), 
and also diabetes (ICD-9: 250)
§ all deaths excluding deaths from pneumoniaBMC Public Health 2008, 8:32 http://www.biomedcentral.com/1471-2458/8/32
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Table 3 shows the odds ratio of IHD or pneumonia mor-
tality in Hong Kong born natives compared with migrants
from Guangdong province stratified by sex and age group
and adjusted for age (model 1) and additionally adjusted
for socio-economic status and lifestyle (model 2).
Younger Hong Kong born men were more likely to die
from IHD than similar Guangdong born men, but Hong
Kong born women were no more likely to die from IHD
than Guangdong born women, these differences were
smaller for IHD mortality in older men and women.
Pneumonia mortality was similar regardless of place of
birth.
Discussion
Taking advantage of a unique natural experiment, we
found male excess risk of premature IHD mortality was
related to environmental factors. Men, who were born
and brought up in the economically developed environ-
ment of Hong Kong, had an excess risk of premature IHD
mortality compared to women, but there was no such dif-
ference for Hong Kong residents who had migrated from
Guangdong. On the other hand at older ages men and
women had more similar risks of dying from IHD regard-
less of place of birth. To our knowledge, these findings are
unique. They confirm our hypothesis that consistent with
findings from ecological studies [1,2] a lifetime spent in
an economically developed environment increases the
risk of premature mortality from IHD in men but not
women. Given, that most migration into Hong Kong took
place in the late 1940s and early 1950s our findings also
suggest that the relevant environmental influence is in the
first two or three decades of life.
Nevertheless, factors other than environmental exposures
across the life course may be relevant. First, unhealthy
migrant men from Guangdong may have preferentially
returned home, whilst such women did not. However,
political differences between China and the former colo-
nial power, the provision of Hong Kong residency to
migrants, the much higher living standards in Hong Kong
and the universal access to health care, education and
social welfare in Hong Kong make large-scale migration
back to China prior to 1998 is extremely unlikely. Alterna-
tively, men from Guangdong may have migrated as self-
selected healthy workers, whilst women migrated as unse-
lected family members, although why a healthy migrant
effect should be specific to IHD is difficult to explain. Due
to historical circumstances, there was no census in Hong
Kong between 1931 and 1961 and very little control on
Table 2: Adjusted odds ratio of IHD and pneumonia mortality in men compared with women (reference group OR = 1) stratified by 
place of birth and age-group
Cause Age group Place of birth All other deaths as controls Restricted† deaths as controls
Model 1 Model 2 Model 1 Model 2
(years) OR 95% CI OR 95% CI OR 95% CI OR 95% CI
IHD 35–64 Hong Kong native 2.44 1.48 to 4.02 2.91 1.66 to 5.13 2.08 1.26 to 3.44 2.46 1.39 to 4.34
Migrant from Guangdong 1.23 0.87 to 1.72 1.35 0.89 to 2.06 1.10 0.78 to 1.54 1.22 0.80 to 1.85
65+ Hong Kong native 1.11 0.85 to 1.44 1.27 0.72 to 1.40 1.08 0.83 to 1.40 1.24 0.91 to 1.70
Migrant from Guangdong 0.90 0.81 to 1.00 1.03 0.90 to 1.17 0.87 0.78 to 0.97 1.00 0.88 to 1.14
Pneumonia 35–64 Hong Kong native 1.37 0.79 to 2.39 1.19 0.60 to 2.34
Migrant from Guangdong 1.18 0.77 to 1.80 1.07 0.61 to 1.85
65+ Hong Kong native 1.17 0.90 to 1.50 1.16 0.85 to 1.59
Migrant from Guangdong 1.15 1.04 to 1.26 1.22 1.09 to 1.38
Model 1 adjusted for age (5 year groups)
Model 2 adjusted for age (5 year groups), education (no formal, primary or secondary), housing type (hut/shared, public estate, self-owned or 
other), smoking (never, ex-smoker or current smoker), leisure exercise (less than once a month or at least once a month) and alcohol use (ever or 
never)
†restricted controls are all deaths, apart from deaths from IHD and cancers of the breast, prostate, ovary and uterus
Unadjusted odds ratio of IHD and pneumonia mortality in  men compared with women stratified by place of birth and  10 year age-group Figure 1
Unadjusted odds ratio of IHD and pneumonia mortality in 
men compared with women stratified by place of birth and 
10 year age-group.
.
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migration into Hong Kong during that period. The only
source we have been able to identify which describes the
main post-war influx of migrants into Hong Kong
describes them as mainly young people looking for work,
however the basis for that observation is impressionistic
[19]. Second, in adult life men and women may respond
differently to living in an economically developed region
depending on their childhood location. Possibly men, but
not women, from Guangdong continued a protective
'Guangdong' lifestyle, whilst men, but not women, of
Hong Kong had a more 'westernized' lifestyle with its cor-
responding risks. Alternatively, men and women may
have responded differently to the stresses of migration
and living in Hong Kong, with corresponding increases in
IHD risk [30]. Although, stress has similar effects on IHD
risk in men and women [30], it is possible that life in
Hong Kong was particularly stressful for migrant women
and Hong Kong born men. There could also be differen-
tial residual confounding in men and women. However,
if either of these were the case there should also have been
differences in pneumonia mortality by sex and place of
birth, which were not observed. Third, case-control stud-
ies are subject to recall bias, however simple information
appropriate to proxy recall was collected [31,32]. Moreo-
ver, cause of death was obtained from a well-maintained
registry. There is universal access to health care in Hong
Kong and most Hong Kong residents die in modern hos-
pitals providing western medical care, so ascertainment of
cause of death cause of is generally very good. However,
inevitably some deaths may be misclassified, which
would make our results conservative. Finally, using
decedent controls in a mortality case control study would
under-estimate male excess IHD risk if exposure to an eco-
nomically developed environment preferentially
increased risk of death from non-IHD causes in men, and
would conversely over-estimate male excess IHD risk if
the same exposure preferentially increased risk of death
from non-IHD causes in women. However, we obtained
similar results after removing from the controls deaths
from causes which might have a sex-specific relationship
with economic development, such as diabetes or cancer of
the breast, prostate, uterus or ovary.
Given that we took advantage of a natural experiment, we
are not showing precise point estimates of differences by
sex with economic development, although they are
broadly consistent with estimates in populations at differ-
ent stages of economic development [2]. In particular, our
estimates may be conservative. Age at migration and dura-
tion of residence in Hong Kong were not collected in the
study. Some people born in Guangdong undoubtedly
migrated to Hong Kong as children or adolescents. On the
other hand some Hong Kong born people may have
grown up elsewhere and returned later to Hong Kong.
Men and women probably had essentially similar and
comparable experiences, but the exposures to different liv-
ings conditions were diluted in some people, making our
results conservative. In addition economic differentials
Table 3: Adjusted odds ratio of IHD and pneumonia mortality in Hong Kong natives compared with migrants from Guangdong by sex 
and age-group
Cause Age group Sex Migration status All other deaths as controls Restricted† deaths as controls
M o d e l  1M o d e l  2M o d e l  1M o d e l  2
(years) OR 95% CI OR 95% CI OR 95% CI OR 95% CI
I H D 3 5 – 6 4 M e n M i g r a n t  f r o m  G u a n g d o n g 1111
Hong Kong native 1.39 1.03 to 1.88 1.35 1.00 to 1.84 1.40 1.04 to 1.90 1.36 1.00 to 1.85
W o m e n M i g r a n t  f r o m  G u a n g d o n g 1111
Hong Kong native 0.71 0.40 to 1.24 0.68 0.38 to 1.21 0.73 0.41 to 1.29 0.70 0.40 to 1.26
6 5 + M e n M i g r a n t  f r o m  G u a n g d o n g 1111
Hong Kong native 1.24 1.03 to 1.50 1.19 0.98 to 1.45 1.24 1.03 to 1.50 1.20 0.99 to 1.45
W o m e n M i g r a n t  f r o m  G u a n g d o n g 1111
Hong Kong native 0.97 0.80 to 1.19 0.97 0.80 to 1.19 0.96 0.79 to 1.18 0.96 0.79 to 1.18
Pneumonia 35–64 Men Migrant from Guangdong 1 1
Hong Kong native 0.94 0.63 to 1.42 1.00 0.66 to 1.52
Women Migrant from Guangdong 1 1
Hong Kong native 0.76 0.40 to 1.46 0.83 0.43 to 1.60
65+ Men Migrant from Guangdong 1 1
Hong Kong native 1.00 0.82 to 1.21 1.00 0.82 to 1.20
Women Migrant from Guangdong 1 1
Hong Kong native 1.01 0.84 to 1.21 0.96 0.80 to 1.15
Model 1 adjusted for age (5 year groups)
Model 2 adjusted for age (5 year groups), education (no formal, primary or secondary), housing type (hut/shared, public estate, self-owned or other), 
smoking (never, ex-smoker or current smoker), leisure exercise (less than once a month or at least once a month) and alcohol use (ever or never)
† restricted controls are all other deaths, apart from deaths from IHD and cancers of the breast, prostate, ovary and uterus.BMC Public Health 2008, 8:32 http://www.biomedcentral.com/1471-2458/8/32
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between Hong Kong and Guangdong province were not
consistent across the 20th century, and specifically may
have been smaller in the early 20th century when the older
people were growing up. Thus, it is possible that the lack
of sex difference in IHD mortality at older ages may be
partially artifactual due to smaller differences in living
conditions between Hong Kong and Guangdong in the
early 20th century. Nevertheless, our study provides aetio-
logically significant evidence that male excess risk of pre-
mature IHD mortality is partially generated by a macro-
environmental influence associated with economic devel-
opment operating in the first few decades of life, which
might increase the risk of IHD in men, decrease the risk of
IHD in women or increase the risk of death from other
causes in women.
Notwithstanding these provisos our study suggests that a
factor in the first few decades of life contributes to the
higher male risk of premature IHD mortality that emerges
with economic development. Several aspects of pre-adult
life are associated with increased cardiovascular risk, such
as accelerated growth [33,34], shorter legs and lower leg to
trunk ratios [35,36]. There is little indication that these
factors have different associations by sex. On the other
hand, puberty is the specific period of life when sex differ-
ences become much more pronounced due to the action
of testosterone in males and estrogen in females.
Increased testosterone in males at puberty also increases
some IHD risk factors, such as reduced HDL-cholesterol
[37-39], and possibly higher ApoB and more male fat pat-
terning [39]. Conversely, higher estrogen levels at puberty
promote a more female shape [40] with a lower waist-hip-
ratio and corresponding lower IHD risk, but possibly also
a higher risk of some hormone related cancers [41,42].
Moreover, sex-differences in HDL-cholesterol appear to be
contextually specific and smallest in least developed loca-
tions, such as China [43], suggesting they are environ-
mentally driven, although these findings have not always
been replicated in small studies [44].
In animal experiments under-feeding reduces testosterone
[45-47] and estrogen levels [48] at puberty. Even in uni-
versally well-fed human populations, slight changes in
diet affect sex-steroids in girls [49] although not in boys
[50], where larger nutritional differences are needed [51].
We speculate that nutritionally driven differences in
pubertal development seen in developed environments
[52] but not very poor environments [51], may perma-
nently increase sex differences in IHD risk, through higher
levels of sex-steroids at puberty generating more detri-
mental lipids and body shape in men, whilst generating a
more female body shape in women. Such differences
would be expected to track into adult life [53]. Moreover,
consistent with the much less marked change with eco-
nomic development in the sex ratio for diabetes [27] than
for IHD, such environmentally driven effects on pubertal
sex-steroids would not be expected to affect pubertal pre-
cursors of diabetes, which appear to be more strongly
related to another hypothalamic-pituitary-endocrine axis,
i.e. growth hormone [54-59].
Conclusion
Rather than being entirely an intrinsic sex-specific prop-
erty, increased male risk of premature IHD mortality was
associated with living in an economically developed envi-
ronment in the first few decades of life. We speculate that
a better pre-adult environment increases sex-steriods at
puberty, which permanently increases IHD mortality risk
in men whilst possibly decreasing IHD risk in women but
possibly also increasing risks of other diseases, thus pro-
viding a socio-biological explanation for the emergence of
increased male risk of premature IHD mortality following
economic development. Our findings highlight the
importance of investigating the long-term effects of early
life environment on cardiovascular risk in the large pro-
portion of the global population under-going rapid epide-
miologic transition.
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